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THE PROCESSING OF HIGH SALINITY BRINES
FOR SUBSURFACE INJECTION *

Ellen Raber** and Robert E. Thompson ***

INTRODUCTION

The objective of this technical note is to present the methodology involved in the

treatment and processing of brines for subsurface iniection. This subiect has become

exceedingly important for a variety of industrial fields: (1 ) as a means of disposal for

spent brine effluents from geothermal and/or geapressured resources, (2) as a formation

pretreatment for enhonced oil recovery schemes, (3) for the disposal of leached salt

dome brines utilized far chemical extract ions, (4) as a means of reservior pressure maintenance,

and (5) for clarification of drilling fluid brines for economic reasons. However, it is not only

important to measure the clarity of the brine by conventional wastewater schcrnes, but it is

impemtive to produce a high quality effluent which is in chemical equilibrium wiih the in-

iection formation. Otherwise, there will be precipitation or plugging of the geologic

formation around the well-bore resulting in well impairment. Figure 1 shows the methodology

employed to evaluate the iniectability of a fluid. This involves the following initial field tests:

- Filter membrane tests to assess plugging of

the formation due to suspended porticu Iates.

- Core flooding tests to assess geochemical

equilibrium of the fluid with the geologic

formation.

- Incubation tests to determine if the potential

for past precipitation and possible well-bore

impairment exists.

- Compatibility tests of iniection fluid with reservior

or formation connate waters.

Based upon these tests it can be determined whether or not direct iniection without any

chemical processing is feasible, or a clarification and processing scheme must be utilized.

We have recently been involved in evaluating different chemical pretreatment and

filtmtion methods as a possible means of impmving the iniectability of high salinitY

salt dome brines (30-3370 NoCl). This work involved extensive field tests at three

Strategic Petroleum Reserve Sites (Bryan Mound in Texas, West Hackberry and Bayou

Choctaw in Louisiana). Studies done e e here include only treatment of undersaturated
9??

solutions with salinities up to %% NaCl - . Although, reactor-clarification followed by

granular media fi Itration has
t

een suggested for the silica satumted hypersaline brines in the

Imperial Valley, California. Table 1 shows a comparison between analysis of various high

salinity brines. The fol lowing discussion represents a short technical note describing test

obiect ives, procedures, and results.

*Work performed under the auspices of the U. S. Department of Energy by the Lawrence

Liverrnore Labomtory under contract No. W-7405 -EN G-48.

**Lawrence Livermore Labamtory, University of California, Livermore, CA 94550.

***National Technical Services, Inc., Corvallis, OR 97330.
(Now at M. O. Schultz & Company, Houston, TX 77079)
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TEST OBJECTIVES AND PROCEDURES

● The obiective of this study was to determine processing requirements necessary to remove

colloidal solids and prmduce an effluent which would not precipitate in the formation and impair

injection well longevity. initial field tests showed that direct iniection without processing woj
● not feasible, since wells plugged too rapidly. The clarification and processing methodology

used in this study is shown in Figure 2.

Based upon the concentmtion of suspended solids and chemical composition of

the brine, the main emphasis was placed on evaluating dawnflow gmnular media

(combinations of coal, garnet and/or sand) filters .(Figure3). Sixdifferentmedia
combinationswere evaluated over the three sites, utilizing test data from 4 inch

diameter pilot filters (Table 2). In addition, tests were conducted with one hollow

fiber ultmfilter unit and two types of disposable cartridge filters. (Figure 4 ond 5).

The test procedures employed in this study involved: (1) a bench-scale evaluation of

pretreatment chemical aids, (2) pilot tests with and without chemical coagulant on

downflow gmnular media filtem, ultmfilters, and cartridge filters, and (3) particular

techniques developed by LLL fo~the assessment of iniectability utilizing filter

membmne plugging factor tests.

EVALUATION OF CHEMICAL PRETREATMENT
.

* One of the most important aspects of particulate removal is the use of coagulant/

flocculants. These chemicals cause destabilization of the particle surface charge

allowing particle agglomemtion which enhances removal by filtmtion. Although in-

organic and oWanic coagulant are used extensively in the wastewater industry, their

effectiveness in hypersal ine brines is not wel I established.

Over fifty inorganic salts and polymers were evaluated as coagulants/flocculants

by o combination of iar testing and bench-scale fi Itmtion techniques. In summary,

the results showed that high-molecular weight anionic polymers and aluminum salts

(or aluminum salts plus nonionic polymers) were the most effective. Avwzige turbidities

were lowered from 10 to .20 NTU after add;tion of these chemicals. Anionic pal mem

have also been found to be effective coagulant in hypersal ine geothermal brine.
J

RESULTS FROM FILTRATION PILOT STUDIES

Filters were tested both with and ytithout chemical additions to determine the most

effective method of clarification. Cost assessments and fi Itration system comparisons are

evaluated in Table 3. Filter performance was eva!uated with regad to: (1 ) pressure loss

VS time (heodloss), (2) effluent quality (turbidity), (3) length of filter cycle, (4) particle

size distribution, and (5) iniectabi li~ with respect to the perm-bil ity/porosity of the

ini ection formation. However, due to varying degrees of contamination and minor

differences in brine chemistry, no one filtration scheme can be recommended for al I

sites. The recommended granular media clarification systems for each individual site

can be seen in Table 4.
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The results obtained fmm these tests can be summarized as follows:

Granular media direct filtration with no chemical treatment usually
●

ptmduces
unacceptable quality effl uent for injection although, occasionally, an acceptable quality

effluent is produced. This suggests that the brine is sometimes at an electrolytic state in

* which the diffuse layer of ions around the particle surface is sufficiently compressed,

allowing some coagulation without the use of chemical additives.

Granular media filtration with chemical pretreatment is an effective means for

hypersal ine brine clarification. Dual and triple media configurations produced a high-

quality injectable effluent (turbidity< 0.20 NTU) with acceptable ha-dloss rates an~

filter cyqle times. High molecular weight polyacrylamide anionic polymem were the most

effective coagulant aid, however, they do not seem to be effective when contamination

from oil occurs. Under those conditions Alum (Al 2( S04)3 .14H20) or Alum used in conjunction

with high-molecular weight nonionic polyac~lamide polymem is more effective.

Ultrafilttution produces an acceptable quality brine effluent without the necessity

of chemical pretreatment (turbidity 4.12 NTU), alleviating problems associated with chemical

additives and changing brine cond-itions. However, more testing is necessary before a definite

statement as to long-term effectiveness can be made. There is no industrial experience with

ultrafilters having capacities of 150,.000 to 200,000 bbl/d.

Disposable Cartridge Filters effectively reduce suspended solids without the use

of chemical aids. However, they plug too mpidly and frequent renewal would not be

pmcfical for the treatment of large quantities of brine.

Postprecipitation tendencies of processed brine effluents were evaluoted by

incubation tests and are not a problem. However, brine effluent should be evaluated ot

each site once optimum c Iarification methodology has been determined.

Residual polymer in brine effluent has a large effect on .45 and 1.0 micron
plugging factorinfectivitytests. Labomtory experimentsconfirmed that in highly electrolytic

solutions there is a definitive relationship between residual polymer concentration, molecular

weight and plugging factor. This must be taken into considemtion in any large-scale

system design.

A modified version of a method described by Barkman and Davidson for assessing

fluid iniectabi Iity, based on membrane fillmtion tests was employed to evaluate the
4

iniectabi Iity of the processed brine effluent. The use of membrane filters as an aid in

determining water quality requirements for iniection has been well described in the Iitemture.

We employed a method described by Champl in et al to estimate the average pore diameter for
●

the iniection hnation which had a 30’%0 (thirty percent) porosity and 0.8-5 darcies permeability.
7

Based upon these co Iculations we used a 10.0 micron membrane fi Iter to better simulate the

unconsolidated nature of the SPR injection zones. We concluded that iniection tests with the

standard 0.45 m~ pore size membrnne filter may yield half-life

that are too conservative. Iniection we! I half-1 ife is defined as

estimates for iniection wells

the time required for the
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iniection mte to fal I to one-half of its initial rate at constont pressure. Additional tests

were run with O.4 micron membrane filters in order to produce compamt ive dato and to obtoin
●

doto on total suspended solids in the filter effluents.

Results of our iniection evaluation indicote that brine prefiltration with downflow

4 mixed media filters provides o significant improvement in brine iniectobil ity. Estimoted

infection well performance for unt reoted eff Iuents agreed with observed behwior of wel Is.

Untreated effluents 01 lowed wel I half-lives of on! y .25 years, while pretreatment of

brine increased iniection well holf-life in excess of 30 years. An example of this

comporision is shown in Figure 6.
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TABLE 1

CHEMICAL COMPARISON OF’HIGH SALINITY BRINES (mg/1)

SPECIES CAVERN GEOPRESSURE(l) GEOTHERMAL(2)
d

PH 6.5-7.0 6.1-7.5 5.84

SODI UM 122,227 84,600 42,400

CHLORIDE 188,533 168,600 121,000

SILICATE N.D. 39-112 400-500

H2S <1 <1 10-30

SULFATE 710 1.4-691 89

BICARBONATE 300 170-2,000 --

IRON <1 “ .7-162 215

MAGNESIUM 13 10-1,500 81

CALCIUM 740 97-15,800 21,700

STRONTIUM 40 24-1,440 299

POTASSIUM 284 48-1,080 6,900

BARIUM N.D. 2.2-370 150

BORON <2.0 15-69 300-400

(1) Kharaka et al. (1978) ‘

(2) Analyses from Salton Sea Geothermal Field (Magmamax #1)
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TABLE 2

CONSTRUCTION OF 4 “ DIAMETER PILOT FILTERS

Filter Construction Sites Tested

A Single-media 12” silica sand ,

Al Dual-pedia 12” garnet
18” anthracite Coal

B Dual-media 12° silica sand
18” anthracite coal

C,D Triple-media 3“ garnet
9“ silica sand
18” anthracite coal

E Ultrafilter Romacon hollow fiber cartridge;
3 in. dia. with 525-ml volume

F Disposable cartridge A,M,F, Curio, 1.0 cartridge filters

West Hackberry

Bayou Choctaw

Bayou Choctaw and
West Hackberry

Bayou Choctaw,
West Hackberry,
and Bryan Mound

Bayou Choctaw and
Bryan Mound

Bayou Choctaw,
West Hackberry,
and Bryan Mound

Grain size silica sand = 0.45 - 0.6nm
Garnet =0.28 - 0.35mm
Anthracite Coal = 1.0 - 1.1 m



TABLE 3

FILTRATION SYSTEM COMPARISONS
(BASED ON 150,000 BARRELS/DAY)

DISPOSABLE
PARAMETER GRANULAR FILTERS ULTRAFILTRATION CARTRIDGE FILTERS

—.

ESTIMATED NUMBER OF ASSEMBLIES 24 25 4

TOTAL AREA REQUIRED FOR EQUIPMENT, FT2 4,400 1,240 1,120

ESTIMATED CAPITAL CO;T OF ASSEMBLY* $534,000 $1,898,000 $360,000

u ADDITIONAL COSTS YES - CHEMICALS NO NO

SOLIDS DISPOSAL* 3,000 GAL/DAY SLUDGE 3,000 GAL/DAY SLUDGE 9600 CARTRIDGES
W/O ALUM AND PER DAY PLUS
6,000 GAL/DAY SLUDGE 3000 GAL/DAY
W/ALUM SLUDGE

* BASED ON 1979 COSTS

** BASED ON 3% soLIDs By lJoLuME



TABLE 4

RECOMMENDED GRANULAR MEDIA CLARIFICATION SYSTEMS FOR SPR SITES

Concen-

Chemical tration,

Site Location Additive mg/i? Type Media Construction

West Hackberry ALUM 3 Inorganic Dual media (coal, sand)

Al salt or triple media (coal,A12(S03)4”14H20.

sand, garnet)

m Bayou Choctawa Visco 3340 2-4 Anionic polymer Triple media

(coal, sand, garnet)

Bryan Mounda ALUM + 10 +().2 Inorganic Triple media

Cyfloc 4500 Al salt + (coal , sand, garnet)

nonionic polymer

a Ultrafiltration without chemical aids was tested at these sites and was as effective and less

sensitive to changing brine conditions.



-.

t .

FIELD

P
EXPERIMENTAL

EVALUATION
—1

1. FILTER TESTS

2. CORE TESTS

3. INCUBATION TESTS

4. COMPATIBILllY TESTS

DIRECT FULL-SCALE

INJECTION

INJECTION YES TEST

1 NO

PRE-INJECTION

PROCESS

DEVELOPMENT

REQUIRED

CLARIFICATION AND PROCESSING

METHODOLOGY

)
Figure 1. INJECT16N E\’ALUATION METHODOLOGY

9



.

7

‘PRE-INJECTION PROCESS
.

DEVELOPMENT REQUIRED

v

v o Ph
DETERMINE SOLUTION PROPERTIES o WT % SOLIDS

o SPECIES PRESENT

dA~-JFuLL-’cALETE’Tt
NO

t ?
CHEMICAL PROCESSING

4
0 JAR TESTS

REQUIRED o BENCH SCALE

I FILTRATION TESTS

I
b J

+
4

EVALUATE DIFFERENT
FILTRATION MEDIA WITH OPTIMIUM YFS FULL SCALE TEST

CHEMICAL PRETREATMENT

NO

v

CHEMICAL PRETREATM~NT
r

AND SETTLING

FIGURE2. CLARIFICATION ANO PROCESSING METHODOLOGY



Head loss
indicator

high-
-pressure

line-

Surface
wash—

Surface
wash
valve—

Backwash
valve—

Head loss
indicator

low-
pressure

line --

-

~ Head loss
indicator

- Flow
indicator

– F IOW
control
valve

- Filter
media

-1 nfluent
valve

‘Backwash
waste
valve

FIG. 3 Schematic diagram of the 4-inch-diameter pilot filter.

Granular Media Filter

11



.“

*

3/8Tubing of piping

J
Reject

[
- to

~
drain

I

~111111
Permeate to use

(Atmospheric pressure)

I Ultraf ilter
module

111111111

5-gal
cleaning

storage tank

11111111 - I

JrPressu.“’’’’i:;opsigv ‘q +o
9WP

\
3/8 Tubing or piping

Water supply to

8ackwash waste
be filtered

to drain
● ’

Pressure
reguIator
(25 psig)

FIG. 4 Test eetup for ●valuating hollow fiber ultrafllters (Model 8001 CUF

atmospheric permeate dischuge configuration single-pass mode).

Ultrafilter



&1 v

I
JI

.1

8

1

I
I

t
I

I
I

I

I

J ~
t

I
I
I
I

FIG. 5 Test eetup for evaluating aartridge-type filters.

Cartridge Filter -

13



b

.“

.%
d

10
I I I I I I

f

1 –

001–

A Raw brine

OUltrafiltered

O Granular media
prefiltered

.

1
0.O1I I I I I I 1 1

0 20 40 60 80 100 120 140

Cumulative flow - Q

FIG . 6 10-Micron membrane

the Bryan Mound SPR site.

I

filtration teat data for surge pond effluent at



REFERENCES

,,.,
1.

e

2.

3.

4.

5.

6.

7.:

Khamka, Y. K., Brown, P. M., and Catdhers, W. W., “Chemistry of Waters in

the Geopressured Zone from Coastal Louisiana --implications for Geothermal Development”,

Geothermal Resources Council, Transactions, Vol. 1, 371 (1 978).

Jotdon, C. A., Edmortdson, T .A ., and Jeffries-Hamis, M. J., “The Bay Marchand

pressure Maintenance Proie~t-Unique Challenges of an offshore Seawater Iniection

System”, Joum. Pet. Tech., 389 (1979).

Farley, J. T. and Redline, D. G., “Evaluation of Flood Water Quality in the West

Montulvo Field”, Joum. Pet. Tech., 683 (1 968).

Quong, R., Schoepflin, F., Sto@, N. D., Ta~iff, Go E., and McLain, F. R.,
“Processing of Geothermal Brine Effluent for Iniection”, Geothermal Resources Council,

Transactions, Vol. 2, 551 (1978).

Netherton, R. and Owen, L. B., “Apparntus for the Field Evaluation of Geothermal

Effluent Iniection”, Geothermal Resources Council, Tmnsactions, Vol. 2, 487 (1978).

Ba&man, J.H. and Davidson, D. H., 1972, “ Measuring Water Quality and Predicting

Well Impairment, Joum. pet. Tech., 865.

Champlin et al, 1967, “Labomtory Testing and Evaluation of Porous and Permeable

Rock for Nuclear Waste Disposal, ” U.S. Bur-u of ~ne$ RI 6926.

DISCLAIMER

This document was prepared as an account of work sponsored by an agency of

the [’nited States Government. Neither the l~nited States Government nor the
[university of (’California nor any of their employees, makes any warranty, ex-

press or implied, or assumes any legal liability or responsibility for the ac-

curacy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned

rights. Reference herein to any specific commercial products, process, or service

by trade name, trademark, manufacturer, or otherwise, does not necessarily

constitute or imply its endorsement. recommendation, or favoring by the { ‘nited

States Government or the University of California. The views and opinions of

authors expressed herein do not necessarily state or reflect those of tbe L“nited

States Government thereof, and shall not be used for advertising or product en-

dorsement purposes.

15


